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The influence of water stress and nitrogen deficiency on the growth of various genotypes of downy
birch and silver birch

A.S. Karunas, V.G. Lebedev, E.V. Selivanova, 1.V. Romashkina, K.A. Shestibratov (Branch
of the Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of
Sciences: Pushchino branch of ROSBIOTECH; All-Russian Research Institute for Silviculture
and Mechanization of Forestry)

Global climate change has asignificant impact on forestry. Anincrease in temperature and
a decrease in precipitation enhance the importance of the drought resistance trait for forest tree
species, especially at the southern border of forest area — in the forest-steppe zone. Another
important factor is the availability of nitrogen, the limiting role of which for trees increases with
increasing CO, concentration in the atmosphere. Birch is the main hardwood species in Russia and
is promising for plantation forestry, but it has proven to be sensitive to climate change. The purpose
of the work was to assess the effect of water and nitrogen deficiency on the growth of birch plants.
The study used two plus genotypes of downy birch and silver birch, as well as a transgenic birch line
with the pine glutamine synthetase gene G:S/, which has increased productivity. Micropropagated
birch plants at the age of three months were grown for 30 days in five treatments: control, moderate
or severe drought, nitrogen deficiency, and a combination of nitrogen deficiency with moderate
drought. One month after the stress treatments, the height, basal diameter, and the number of leaves
and sylleptic shoots were measured. Differences in the response to stress factors were found both
between different birch species and between genotypes of the same species, as well as the effect of
transgene encoding the main enzyme of nitrogen metabolism. For the first time, the simultaneous
effects of two abiotic stresses — water deficiency and nitrogen deficiency — were studied on birch
plants. The results obtained will improve the understanding of the adaptive mechanisms of woody
plants to unfavorable environmental factors.
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BausiHue BOAHOrO crpecca U Ae(UIMTA a30Ta HA POCT PA3JMYHBIX TeHOTHIOB Oepe3bl MyIMCTOM
1 Oepe3bl MOBHUCJION

A.C. Kapynac, B.T. Jleoenes, E.B. CeqmBanosa, 11.B. Pomamkuna, K.A. Illectu6paron

[7106aibHOE M3MEHEHME KJIMMaTa OKa3bIBaeT 3HAYMTEJIbHOE BIMSIHME Ha TaKyl0 METE03aBUCU-
MYIO OTpacjib, KaK JIECHOE X035IMCTBO. B CBSI3M C MOBBbIILIEHUMEM TEMITEPATypbl U COKpallleHUeM
KOJIMYECTBA OCAJIKOB MTPU3HAK 3aCYXOYCTOMUMBOCTU IS JIECHBIX IPEBECHBIX MOPOJ MPUOOpeTa-
€T 0c000e 3HaueHne, 0COOEHHO Ha I03KHOM IpaHULIe PACIIPOCTPAHEHMUSI JIECOB — B JIECOCTEITHOM
30He. JIpyrum BaxkKHbIM (PaKTOPOM SIBJISIETCSI JOCTYITHOCTD a30Ta, TMMUTUPYIOILAs POJIb KOTOPOTO
7151 IEPEBBEB BO3PACTAET C yBeJMueHreM KonueHTpauuu CO, B atmocdepe. bepesa asnsercs oc-
HOBHO JIMCTBEHHOM Mopooii B Poccuu 1 mepcrieKTUBHOM ISl TUIAaHTALMOHHOTO JIECOBbIpAII -
BaHUs, HO OHA OKa3aJlaChb YYBCTBUTEIbHOM K M3MEHEHUIO KiauMarta. Llesab paboThl 3akiiioyanach B
OLIEHKE BIUSIHUS JeULIMTa BOIBI M a30Ta HA POCT pacTeHM 6epesbl. B ucciaenoBaHuM UCTIONb30-
BaJIY 110 J1Ba TUTIOCOBBIX TEHOTUIIA Oepe3bl MYILIMCTOM U 6epe3bl TOBUCIOM, a TAKXKe TPAaHCTeHHbII
reHOTUMN Oepe3bl C TEHOM MIyTaMUHCUHTETa3bl COCHBI GiS'1, 00iagalonivii MoBBIIIEHHON MTPOo-
JNYKTUBHOCTBIO. PacTeHust 6epesbl, pa3MHOKEHHBIE METOIOM iK1 Vitro, B BO3PACTE TPEX MECSILIEB
B TeyeHue 30 qHel BbIpallliBaJI B TISITU BApMaHTaX: KOHTPOJIb, YMEPEHHAsl MW CUJIbHAS 3acyXa,
neduuuT a3oTa U coyetaHue aeduliMTa a3oTa ¢ yMepeHHo 3acyxoii. Yepes Mecsill rociie cTpec-
COBBIX BO3/IEMCTBUI Y paCTEHUI1 U3MEPSLIM BBICOTY, IMaMeTP OCHOBAHUSI CTBOJIMKA, KOJUYECTBO
JINCTBEB U CWJLJIENITUYECKUX M0OeroB. bblin oOHapyXeHbI pa3inuus B peakliMi Ha CTPECCOBbIE
(bakTOpPBI KaK MEXIY BUAAMU Oepe3bl, TaK U MEXKAY TeHOTUIIaMU OHOTO BUIIA, a Takke d(PdekT
rnepeHoca reHa, Koaupyromuiero OCHOBHOM (pepMeHT MeTabonn3Ma a3oTa. BriepBbie Ha pacTeHMSIX
Oepe3bl ObLIO U3YYeHO OTHOBPEMEHHOE BO3JEHCTBUE IBYX a0MOTUYECKUX CTPECCOB — HEI0CTaT-
Ka Bonibl U neduimTta azora. [TogydyeHHbIe pe3yabTaThl yaydllaT TOHUMaHe MeXaHU3MOB afar-
TalMU APEBECHBIX PACTEHUI K HEOJAroNpUITHBIM (paKTopaM OKpYsKalolleii Cpebl.

KimroueBbie clioBa: Gepesa, 3acyxa, I'eH IJIyTaAMUHCUHTETa3bl, Ie(UIIUT a30Ta, TPAHCTEHHBIE pac-
TEHUS
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Bgenenne

Poccusg gaBisieTcsa JecHoM aep:kaBoii — jieca
3aHUMAIOT GoJiee 45 % TuIoOLIAmM CTPaHBI, UYTO B
10 pa3 mpeBOCXOAUT TIJIONIAb TAXOTHBIX 3€MEJTb.
B nocnennue necstunetusi Ha 3emiie MPOMCXO-
AT T100aJibHOE M3MEHEeHHEe KJIrMMaTa, KOTOpoe
BbIpaxkaeTcsi B TOBBIIIEHUU CPEAHEroJ0BOM
TEMIIEPATYPhl, YBeNMdeHun KoHuentpauuu CO,
B atMocdepe, U3MEHEHUM peXuMa BbINaJeHUs
OCaJIKOB M YBEJMYEHUM YACTOTbl IKCTpeMallb-
HbIX TOTOJHBbIX SIBJIEHUI, TaKWX KakK 3acyxM,
HaBomHEHUS M yparansl. Ha Teppuropun Poc-
CUM 3T WU3MEHEHUs KJIMMaTa TMPOSBISIIOTCS
OYeHb 3aMETHO, HaIllpUMEpP, POCT CPEIHEroJa0-
BOI TeMmepaTypbl Bo3ayxa 3a 1976—2019 romsl
MPEeBBICUT CPETHEMUPOBOIN ypOBEHb OoJice yeM
B 2,5pa3za [1]. Bce aTO oKa3bIBaeT 3HAYUTE/b-
HOe BJIMSIHME Ha TaKWe MeTeO03aBHCHUMbIE OT-
paciu, Kak ceJlbCKoe X031CTBO U JIECOBOJICTBO.
JlecHoe x03s11icTBO Jaxe OoJiee YSI3BUMO K KJIU-
MaTUYECKUM M3MEHEHUSIM, TaK KaK B OTIMYUE
OT TIOCEBOB CEJIbCKOXO3SMCTBEHHBIX KYJIBTYP
MHOTOJIETHUE JIECHBIE HACaX/IEeHUs HeJb3s Iie-
peHecTu B OoJjiee OJAronpusiTHbIE YCIOBUS WIU
OpPraHu30BaTh WX OPOILIEHUE, a B cllyyae UX TU-
0eM BOCCTaHOBJIEHHWE 3aHUMAET JECSITKU JIET.
Takum oOpa3oM, B HACTOsIIIEe Bpems mpobdiemMa
YCTOMYMBOCTU U aJalTalliK JIECHBIX APEeBECHBIX
MopoJ K abMOTUYeCKUM (pakTopaM BHEIIHEN
cpenbl SBAsIeTCSl BechbMa akTyaidbHON. Ocolyro
3HAYMMOCTb 3Ta MpobdJeMa MpUoOpeTaeT Ha 10X~
HOI1 rpaHuIIe pacnpOCTpaHEHUS JIECOB, IJie OHU
HauOoJiee ysI3BUMbI K HEIOCTAaTKy BJaru, — B Jie-
COCTEITHOM 30HE.

Buner nepeBbeB 13 pona Betfula — oueHb Baxk-
Hble XO34WCTBEHHO LIEHHbIE TOPOJbl B JIECHOM
xo3siictBe Poccun. bepesa siBasieTcss OCHOBHBIM
JiecooOpa3oBaTeieM Cpeau JIMCTBEHHBIX U Tpe-
TeuM (15 % oO01weit mIoIaau JecoB) — It BCeX
JIECHBIX TIOPOJ, TIOCJIe JIMCTBEHHULIBI U COCHBI.
OHa aKTHMBHO WUCITOJB3YETCSl B JIECOBOCCTAHOB-
JICHUM W TEepCHeKTUBHA I TJIaHTallMOHHOTO
JiecoBbIpaniMBaHus. JIpeBecuHa Gepe3bl HUPO-
KO MPUMEHSIETCS] B CaMbIX PA3IMYHbBIX OTPACIISIX
MPOMBIIUIEHHOCTH.

B Poccuu HanGonee pacrpocTpaHeHbI oepe-
3a mymmcras (B. pubescens Ehrh.) u 6epesa mo-
Bucinas (B. pendula Roth), KoTopble 3aHMMAIOT
CXOXue apeasbl, HO pa3jJuuyHble SKOJIOTUYECKUE
HUIIW: Oepe3a MmymmcTass 0oJiee BIarojiro0MBa,
TEHEBBIHOCIMBA U XOJIOJOCTOMKa, 4yeM Oepesa
noBucias. bepe3a okazajiach 4yBCTBUTEIbHON K
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M3MEHEHUIO KJIMMATA: B JIECOCTEITHOMN U CTETTHOM
30Hax eBpormneiickoil yactu Poccuu ¢ 1997 mo
2017 rog moBCeMECTHO HaOII0IAOCh YChIXaHUE
0Oepe30BbIX HaCAXKIEHU [2].

Bopma 1 a30T SBISIIOTCSI OCHOBHBIMM (PaKTO-
paMu, JTUMUTHPYIOIIMMM POCT pacTeHuii [14].
OO0ecrneYeHHOCTh BIIATOM OImpenesiseT TIeorpa-
¢uyeckoe pacrpocTpaHeHHE JAPEBECHBIX ITOPOI
M3-3a €€ OIPOMHOTIO BJIMSIHUS HAa BBDKMBAEMOCTh
M IIPOAYKTUBHOCTH IEPEBbEB. B TO ke BpeMs mo-
HUMaHME B3aMMOICHCTBUS MEXIy T€HOTUIIaMU
pacTeHU 1M BHEIIHEN CPeIor C HEAOCTATOYHOMU
BOJ000€CTIEYEHHOCTBIO SIBJISIETCSI OJHOUM U3 ca-
MBIX CJIOXHBIX IMPO0JeM B OMOJOrMU pacTeHUM
[15]. 3HaueHue ponu azora sl I€PEBLEB BO3-
pacraeT ¢ moBbilieHueM KoHieHTparmu CO, B
atMocdepe, KOTopasl yCUJIMBAET POCT, a BMECTE
C 3TUM U CTUMYJIMPOBAaHME ITOTPEOHOCTU B a30Te
[12]. DTu (pakTOpPHI MHTEHCUBHO M3Yy4arOTCs 110
OTIEJIBHOCTH, HO Pa0OThI IT0 COBMECTHOMY BO3-
NIeICTBUIO 3aCyXM 1 Ae(UIIMTa a30Ta Ha IE€PEBbs
MOYTH OTCYTCTBYIOT [16].

OCHOBHO[#1 11€J1bI0 POBEJAEHHOTO HAMU UC-
clieqoBaHus SIBJISIETCs olleHKa 2 deKTa pa3ind-
HOI 00eCreYeHHOCT! BOAOM M a30TOM Ha pOCT
JIPEBECHBIX paCTEHUI Ha MIpUMepe BUIOB Oepe3bl
JIJIST TTOCJIETYIOIEro UCITOJb30BaHUS B CENCKIINU
Ha YCTOMYMBOCTb K HEOJAronpusITHbIM YCIOBU-
SIM BHELLIHEH CpeJibl.

CpaBHeHME pa3IMYHBIX ILIIOCOBEIX (DOpM,
MpUHAIJIeXKaIIX K IBYM BUIaM Oepesbl C pas-
JINYHBIMM 9KOJIOTUYECKMMU IIPEAITOYTEHUSIMU,
MO3BOJIUT OLIEHUTh POJIb T€HOTHUIIA B PeaKLIMSIX
Ha YCJIOBMSI OKpPYXKalOIllIeil Cpeabl W YIy4YIIUT
Hallle ITIOHMMaHWE SBOJIOIMM MEXaHU3MOB
YCTOMYMBOCTM K aOMOTHMYeCKUM hakTopaM y
NIPEBECHBIX pacTeHuil. B aKcrmepuMeHThI Takke
ObUTa BKJIIOUEHA TpaHCreHHasl JUHUSI Oepe3bl ¢
T€HOM IIUTO30JIbHOW (DOPMBI TJIyTaMUHCUHTETA-
3bl (GS/ cocHBI, obJiagarolasi YCKOpeHHBIM PO-
cToM [9] 1 MoBkIIIEHHOW 3(P(PEKTUBHOCTHIO UC-
noyib3oBaHMs a3oTa [10]. DTo MO3BOJUT OLICHUTh
BIMSIHUE MoaudUKauuyd MeTaboim3Ma a3ora,
BBI3BAHHOI'O MUHMMAaJIbHBIM BMEIIATEJ]bCTBO B
T€HOM pacTeHHUs, Ha YCTOMYMBOCTh K BOIZHOME
cTpeccy. B xoHeuHoMm uTore, nsydyeHue KOMOM-
HUPOBAHHOTO BO3IEMCTBUS ABYX a0MOTUYECKUX
CTPECCOB Ha pacTeHUs Oepe3bl ITO3BOJIUT JIyYIle
MOHSTh MEXaHMU3Mbl YCTOMYMBOCTHU JIPEBECHBIX
pacTeHU# K BOOTHOMY U a30THOMY AC(DUIIUTY, YTO
SIBJIIETCSI BeCbMa CBOEBPEMEHHBIM B YCJIOBMSIX
IJ100aJIbHOTO U3MEHEHHUS KJIMMarta.
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OO0BEKTHI M METO/IBI ICCJIETOBAHUS

B 3kcniepuMeHTe MCMONb30BAIN TLIIOCOBBIC
TeHOTUIIBI Oepe3bl myiucToit (B. pubescens) —
on3d1 u on4da, 6epesnl noBucioit (B. pendula) —
0031 1 6640, a TakKe TpaHCTeHHYIO JIMHUIO Oepe-
3plI ImymmcToit F14GS8b, nomydeHHyI0 Ha OCHOBE
reHotumna 6n3¢1 1 comepxKallyto reH IUTO30JIb-
Holi (opMbI ryTaMuHCcUHTeTa3bl GS1 U3 COCHBI
[11]. PacTennst ObIT pa3MHOXKEHHI in Vitro, BbICa-
>KEHBI B TETIIUILY JIJIS1 afarTaldy 1 dyepe3 2 Mecs-
11a TIepecakeHbl B KOHTEHHEepbl 00beMOM 2 J1, CO-
nepxariue cMech Topda ¢ mepautoM (3:1). ITocne
repecagky pacTeHMs OIMH pa3 B HEAE0 yao0opsi-
mm pactBopoM Hoagland [6] B AByx BapuaHTax:
CTaHJAPTHBIN cocTaB, coaepxkaiuii 15 MM azora
(N), u ¢ orcyrctBuem azora (0 MM, 6/N). Dkc-
MEePUMEHT C 3aCyXOil Hayalu 4yepe3 Mecsll rmocse
repecajku B KOHTEHHEpbl, U OH MPOIOJIKaJICs
30 gHeli. 3acyXy MMUTUPOBAIY CHIKEHUEM TIpe-
nenapHoU TosnieBoit Biaroemkoctu (ITT1B) mou-
BEHHOTro cybcTpara, KOTOPYIO KOHTPOJIMPOBAIU
rpaBUMETPUYECKMM criocoboM 3—4 paza B He-
nemo. Becero Obuto 5 BapMaHTOB BKCIEPUMEHTA!
KOHTpOb (85—90 % I1I1B m 15 MM a3zora), yme-
peHHas 3acyxa (45—50 % IIIIB u 15 MM a3ora),
cuibHas 3acyxa (25—30 % I1I1B u 15 MM a3ota),
nedurmt azora (85—90 % I1I1B u 0 MM azota) u
coueTaHue neuInTa a30Ta U YMEPEHHOM 3aCyXH
(45—50 % I1I1B 1 0 MM a3ora). B skcreprmeH-
Te y4actBoBajgo 200 pacTeHMil, pa3MeIIeHHBIX
PaHIOMU3MPOBAHHBIM 00pa3oM (IO 8 pacTeHui

B BapuaHTte). Yepes 30 nHeit 3acyxu I1I1B Bcex
pacTeHUii JOBEJIM IO 3HAUYCHUIT KOHTPOJISI U elle
yepes 4 Hefeau U3MEPWIN BbICOTY CTBOJIMKA, M-
aMeTp y KOPHEBOM IIEKU, KOJIUYECTBO JIUCThEB
U KOJIMYECTBO CUJUICTITUYECKUX (pa3BUBAIOLIUXCSI
Ha TOOMYHBIX MOGETaX JAHHOTO BEreTALIMOHHOTO
repuoja) moderos.

CratTucTIecKyio 00pabOTKy JaHHBIX ITPO-
M3BOJWIM C ITOMOIIBIO IIPOrPaMMHOIO ITaKeTa
Statistica. Paznumumsg mexay OMOMETpUIECKUMU
MOKA3aTeIMU CUUTAIIUCh JOCTOBEPHBIMU MPU
ypoBHe 3Hauumoctu p < 0,05.

Pe3ynbraTbl M MX 00CyXKIeHHEe

B oxcnepumeHTte Oepe3y noasepraiud BO3-
JEWCTBUIO JBYX BUAOB aOMOTMYECKOTO CTpec-
ca — 3acyxu 1 gepuumTa azora. B TeueHne me-
csllla pacTeHUSs BbIIEPXKUBAIN TIPU IBYX YPOBHSIX
3aCyXu — YMEPEHHOMU U CUJIbHOM, IIPU KOTOPBIX
I1I1B mouyBeHHOro cyoctpara Oblla CHMXKEHa C
85—-90 % (xonTpoiib) 10 45—50 (3acyxa 1) u 25—
30 % (3acyxa2) IIIIB, coorBercTBeHHO. CHM-
skeHust ypoBHst T1T1B Hike 25 % He moryckanu,
TaK KaK yMeHblleHue BiaxHoctu 1o 20 % I111B
TPUBOJMIIO K YBSIIAHUIO JIUCTHEB, KOTOPOE MOT-
JIO BbI3BaTh HeoOpaTumbie u3dMeHeHust. Kpome
TOrO, B BapuaHTax ¢ AeUIMTOM a30Ta ero uc-
KJIIOUWIM U3 €XEHEJEeNbHON MOJAKOPMKH, YTO B
TeYeHUe NBYX MECSILEB MPHUBEJIO K SIBHO BbIpa-
>KEHHOMY XJIOPO3Y JIUCThEB (puc. 1).

AR Vol TR NS Al
Puc. 1. Pactenus 6epe3ssbl B Teruinie. Ciena (¢ 6eJIbIMU 3TUKETKaMU) —
C ynoOpeHreM a30ToM, CIipaBa — 6€3 yno0peHus

3acyxa okasajia CyIIeCTBEHHOE BIUsSHUE Ha
pPOCTOBBIEC TIOKa3aTel M pacTeHUi Gepe3nl. Ham-
bosee BapmabeTbHBIM ITapaMeTPOM OKa3aach
BBICOTA CTBOJIMKA. B yCIOBHUSIX OOCTAaTOYHON
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00ECIIEYeHHOCTH a30TOM CUJIbHAS 3acyXa BCerna
MPUBOAMIIA K CYIIECTBEHHOMY OCIA0JIEHUIO PO-
CTa pacTEeHMIi, KOTOPbIE OKAa3aJlCh HUXKE KOH-
tpoust Ha 11,0—13,7 % (puc. 2).
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Puc. 2. Bnmusinue 3acyxu 1 HegocTaTKa a30Ta Ha BEICOTY PaCTEHUI Oepesbl.
(3arnaBHBIMM OyKBaMM 0003HAYEHBI JOCTOBEPHBIC Pa3INUUsI IPU YPOBHE 3HAUYNMOCTHU
p < 0,05 Mexxy reHOTUIIaMM, CTPOUHBIMU — MEXK/1y BaApHaHTaMU 3KCIIEpUMEHTa)

Wmurauusa ycloBUT YMEPEHHOHR 3acyxu
MpuBeJia K YMEHBIIEHWIO BEICOTHI pacTeHUIA Oe-
pe3bl ymuctoii Ha 3,9—7,1 % 1 3To CHUXeHue
ObUIO HECYIIECTBEHHBIM [JIsI TeHoTura on3dl.
B 10 ke Bpems1 yMepeHHasI 3acyXa IIOYTH He I0-
BIIMSIJIa HA POCT IBYX T€HOTUIIOB O€pe3bl MOBUC-
JIOU, BBICOTa KOTOPBIX CHU3MJIACh MEHEee YeM Ha
2 %. B ycnoBusix meduiuTa a3oTa yMepeHHas
3acyxa He oKaszaja BIMSHUs Ha BBICOTY pacTe-
HUU — y BCEX IMSITU TEHOTUITOB Pa3JIMUMSI B BBICO-
Te OBLIN HecylecTBeHHbIMU. ClieyeT OTMETHUTD,
YTO y BCEX TEHOTUIIOB PACTEHUS B YCIIOBUSIX AaXe
CUJIBHOM 3aCyXM OBbUIM CYIIIECTBEHHO BHILIE, YEM
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pacTeHusl ¢ HOpMaJIbHBIM MOJMBOM, HO BbIPOC-
1IMe B YCJIOBUSIX HEAOCTATKa a30Ta.

Bmmugnme aOnoTmueckMx CTpeccoB Ha IH-
aMeTp OCHOBaHMSI CTBOJIMKA pacTeHUid Oepesbl
ObLJI0 MEHee BbIpaXKEHHBIM. B oTyinume oT BbICOTHI
CUJIbHAY 3acyxa CYLIECTBEHHO CHU3UJIA 3HAYeHUE
3TOTO MOKA3aTeJIsl TOJIbKO Y TPAHCTEHHOT'O T€HOTH -
mma F14GS8b (1a 13,4 %) n 6rda (Ha 16,3 %), Torna
KakK y Ipyrux reHOTUIIOB OHO ObLIO HECYIIECTBEH-
HbIM (puc. 3). CylllecTBeHHbIE pa3IvuuMsl B Jaua-
METpe MEXIy PacTeHUSIMU B YCJIOBUSIX CUJILHOMN
3aCyXy U pacTeHUSIMU C JeULIMTOM a30Ta CoXpa-
HWIKMCh TOJILKO JUISI FTEHOTUITOB O6epe3bl MOBUCION.

Aba Aa

omda 66406 6631

6/N-KkoHTpOITh 6/N-3acyxa 1

Puc. 3. BnusiHue 3acyxu M HejocTaTKa a30Ta Ha IMaMeTp OCHOBAHMS CTBOJIMKA pacTeHUI
Gepe3sbl. (3ariaBHBIMU OyKBaMU 0003HAYEHBI JOCTOBEPHBIE PA3INYus IPU YPOBHE 3HAUMMOCTH
p < 0,05 Mexmy reHOTUIaM1, CTPOYHBIMU — MEXKIy BaprMaHTaMM SKCIIEPUMEHTA)
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M3zyueHue peakiyu IpeBEeCHBIX pPACTEHUIA
Ha BOAHBIA JeULINT B OCHOBHOM ITPOBOAUTCSI
Ha MOJIEJIbBHOM OObEKTe — TOIIOJIe, TOT/Ia KakK 1C-
cjemoBaHus Ha 6epe3e oueHb peaku. ToabKo He-
JaBHO OBLIM ONYOJIMKOBAHBI PE3Y/IbTAThl KCIIe-
pUMeEHTA ¢ cestHUAMU B. pendula, Tie Bce ypOBHU
BOIHOTO cTpecca B TeueHue 40 THel cylecTBeH-
HO YMEHBIIWIM KakK BBICOTY (Ha 9—33 %), Tak
u auametp cTBosia (Ha 4—42 %) pactenuii [13].
Bonee MHOTOUMCIIEHHBIE MCCIIEAOBAHMS HA pa3-
JIMYHBIX BUAax W rudpunaax Populus moxaszanu,
YTO BJIMSIHUE BOOHOTO CTpPECCa CUIbHO 3aBUCUT
KaK OT ero ypoBHSI M JJIUTEIIBHOCTH, TaK U OT
reHOTUIIa pacTeHusi. BomHblili neduIUT cyile-
CTBEHHO YMEHBIINJI KaK BBICOTY, TaK U AUAMETP
OCHOBaHUs CTBoJA y pacteHuit P. cathayana [18]
u rubpuna P. tremula x P. alba [17]. B pa6ote Jia
etal. [8] ¢ P. deltoides n P. simonii Bce TP YpOBHSI
3acyxu (ciabas, yMepeHHas1 U CUJIbHasl) CyIIe-
CTBEHHO CHU3MJIM BLICOTY pACTEHUI, HO Ha IU-
aMeTp 3HAUUTEIbHO IMOBIUSUIM TOJIHKO YMEpPEH-
Hasl U CUJIbHas 3acyxu. HarpoTus, y ABYX IpyTux
reHoTunoB tonoJis (P. deltoides x P. petrowskyana

u P. balsamifera) 3acyxa cynecTBeHHO YMEHbILIH-
JIa AMaMeTp CTBOJIa, HO He BBICOTY pacTeHuil [4].

W3 mony4eHHBIX HAMU TaHHBIX CJIEIYET, YTO
OTCYTCTBME HEOOXOAMMOIO KOJHWYEeCTBa a30Ta
B OOJIbIIECH CTEIIEHU 3aMEIJISIO POCT PacTECHUIA
Oepesbl, Y4eM HEOOCTAaTOK BOILI. DTO HE CcoIia-
cyercst ¢ pabotoii Zhang et al. [20], roe coo0-
IIAJIOCh, 4YTO Ae(PUIUT a30Ta HEe3HAYUTEILHO
YMEHBIIWJI Ha3deMHyI0 O0uomaccy P. simonii, HO
3acyxa M coyeTaHMe 3aCyxu ¢ Je(UIIMTOM a30Ta
CHU3WJIK e¢e OoJiee yeM B aBa pa3a. Ha pactenn-
sax tuopuna P. alba x P. glandulosa Taxxe ObLIO
MOKa3aHo, YTO 3acyXa M HEIOCTaTOK a3oTa I
OTIEJIBHOCTU He oKaszauu 3¢ deKTa, HO codeTa-
HHUE 3TUX IBYX CTPECCOB 3HAYUTEIbHO CHMU3WIO
BBICOTY pacTeHuit [16].

WM3MeHeHne 4ucia JINCThEB IO BIUSHUEM
a0MOTUYECKUX CTPECCOB B LIEJIOM KOppeIrupoBa-
JIO ¢ BBICOTOM pacteHmnii. CHUKEHUE BJIaXKHOCTU
ITOYBBI IIOCTETIEHHO YMEHBILIAJIO UX KOJIMYECTBO,
HO CYIIIECTBEHHOE YMEHBIIIEHUE 3TOI0 ITOKa3aTe-
JISI OTHOCUTEJIbHO KOHTPOJISI HAOTI0IAJI0Ch TOb-
KO IpU CUJIbHOM 3acyxe (Tabu. 1).

Tabmuma 1

BiusHue 3aCyXy M HEAOCTATKa a30Ta Ha KOJIMYECTBO JIMCTLEB Y paCTeHI/IfI 6Cpe3b1

TeroTum BapuaHTBI 5KcrieprMeHTa
N-KOHTpPOJIb N-3acyxa 1 N-zacyxa2  0/N-koHtpomb 0/N-3acyxa |
F14GS8b 41 £0,4 Aa 38+ 1,2 Aab 37+ 1,1 Aos 35t 1,1AB 34+0,3AB
on3g1 39 £0,8 Aa 38+ 0,6 Aa 35+ 1,1 ABG 32+0,6 b 31+0,8bB
onda 34+ 1,4ba 34+0,4ba 33+ 0,5 bBa 30 £0,6 B6 32+ 0,6 bao
60646 39 +0,5Aa 38 £ 1,0 Aab 36 0,6 Ab6 32+ 0,6 bBB 32+ 1,3bB
00631 35+0,9 ba 34+ 1,1 ba 31+0,5B6 27+0,9 18 28 £ 0,7 B

[pumeuanus. 1) Baprantel akcnepumenTa: N-KoHTpoJb — 15 MM azora u 85—90 % I1I1B; N-3acy-
xa 1 — 15 MM azoran 45—50 % I1I1B; N-3acyxa 2 — 15 MM azorau 25—30 % I1I1B; 6/N-KOHTpOJIb —
0 MM azora u 85—90 % III1B; 6/N-3acyxa 1 — 0 MM a3ota u 45—50 % IIIIB.

2) 3armaBHBIMU OyKBamMu 00O3HAYE€HBbI TOCTOBEPHBIE pa3Wuusl MpuU ypoBHE 3HauuMocTu p < 0,05
MeXKIy TeHOTUIIaMH, CTPOYHBIMU — MEXXIy BapuaHTaMU 9KCIIepUMeHTa

OTO corlacyeTrcsl ¢ MCCIeIOBAaHUSIMHU Ha
TOMOJIe, TAE 3acyxa HeraTMBHO ITOBJIMsIa Ha
oOpa3zoBaHMe JIMCThEB: Yepe3 3 Helmesld BbIpa-
mBaHus pacteHuit P. deltoides w P. simonii
mpu 15—20 % I1I1B Ha HuUX chHOpPMUPOBATIOCH
B 3—4 pa3a MEHBIIIE JINCTHEB, YeM B KOHTpOJIC
(70—75 % IITIB) [8]. B Hamiem 3KcIepUMeEH-
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Te YXYIAILIEHWE BOJHOTO peXuMa He TTOBJIUSIIO
Ha OOJMCTBEHHOCTb CTBOJIMKA TOJBKO IJisl Te-
HoTUTAa Oepe3bl mymucToit 6m4a. Panee OwLIO
nokasaHo, 4ro ymenbuenue ITIB 1o 25 % cy-
LIECTBEHHO YMEHBIINIIO BBICOTY M KOJUYECTBO
JIMCTheB y P. cathayana, HO HE3HAUUTEILHO — Y
P. kangdingensis [19]. Kak u B ciiyyae ¢ BbICOTOM,
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B YCJIOBUSIX a30THOTO JIe(pUIIUTA PA3TUIUS B KO-
JIMYECTBE JINCThEB Ha PACTECHUSIX Oepe3bl MeX-
Iy BapuMaHTaMU C JOCTATOYHON M CHUXKEHHOM
BJIQXKHOCTBIO TIOUBBI OBLIM MUHUMAJTbHBIMMU.
Hanmmuue y pacTeHMI CUJUTENITUYECKUX TT0-
0OCeTOB CBUIETEIBCTBYET O OJIATOTIPHATHBIX YyC-
JIoBUSIX pocTa. OQHAKO B HallleM SKCIIEPUMEHTE
TMeUIUT IBYX OCHOBHBIX POCT-JTUMUTHPYIOIINX
(daxTopoB pacTeHMiT oKazal ciaboe BIMSHUE Ha

9TOT IoKa3arteyb. B yacTHoCcTH, HE HabII01aJI0Ch
CTATUCTUYECKUX PAa3IU4YUil MEXIy BapuaHTa-
MU 3KCIIEpUMEHTA UIST TCHOTUTIOB Orda m 6040
(ta6:xa. 2). dnsg renorunoB F14GS8b u on3gpl
TOJILKO COYETaHUE 3aCyXU M HeIOCTaTKa a30Ta
MPUBEJIO K CYLLIECTBEHHOMY CHUXKEHUIO KOJIMYE-
CTBa CUJIJICTITUYECKMX M0OETOB M0 CPAaBHEHMIO C
KOHTPOJIBHBIMU yCJIOBUSIMU — Ha 14,2 u 37,6 %,
COOTBETCTBEHHO.

Tabnuua 2
BinusiHue 3acyxu 1 HegocTaTKa a30Ta Ha KOJIMYECTBO CUJIENITUYECKUX
no0eroB y pacTeHUI 6epe3bl
BapuaHTbl aKCciepuMeHTa
TeHoTun

N-KOHTpPOJIb N-3acyxa 1 N-3acyxa 2 06/N-konTtponp 0/N-3acyxa 1
F14GS8b 12 £ 0,0Aa 12+ 0,3 Aba 12+ 1,0 Aa 11+0,5Aab 10 £ 0,3 Ao
on3dl 12 +0,9 Aab 14+1,1 Aa 12+ 0,6 Aab 10 £ 1,0 AbGB 8 +0,8 bB
omda 11+1,7Aa 12+ 0,3AbBa 10+ 0,9 Aa 10 = 0,9 Aba 8 £0,7 Aba
0046 10+ 0,3 Aa 10 £0,9 bBa 11£0,6 Aa 8 +£0,9 ba 8 £ 0,7 Aba
0031 8t 1,3Aa 9+19Ba 10+ 1,6 Aa 51 0,9Bo 6+1,0b06

IMpnmeuannsg. 1) O0o3HaUeHNS BapMAaHTOB — Te K€, UTO U B Tabm1ie 1.
2) 3arnaBHbIMU OyKBamMU O0O3HAYE€HbI TOCTOBEPHBIE pa3Wyuusl TIpU ypoBHE 3HauumocTu p < 0,05
MEXXIy FeHOTUIIAMU, CTPOYHBIMU — MEXK/1y BApUaHTaMU SKCIIepUMeHTa

DKCIepMMEHT MOKa3aJl HaJINYKE 3aMETHBIX
pa3IMuMil Kak MeXay reHOTUIIaMu Oepe3bl, Tak
M B X peaklny Ha neduInT BoIbl U a3oTa. /JIBa
reHoTuma OGepesbl MYLIMCTON CYIIECTBEHHO He
OTJINYATIMCh MEXIY cO0Ol MO BBICOTE, KOTOpasi
MOCTETIIEHHO CHMXAJach OT OMNTHUMAJIBHBIX YC-
JIOBUI BbIpalllMBaHUs A0 COYETAHUS AeULINATA
oboux JauMuTUpyrOIIMX ¢dakTopoB— ¢ 1031,8
no 722,0 mm g 6n3dpl u ¢ 979,3 no 748,8 Mm
g 6m4a. TeHotun Oepesnl MOBHUCIION 0040 He
OTJIMYAJICSI OT Oepe3bl MYLIUCTOM U B OCHOBHOM
3aHUMaJl TPOMEXYTOUHOE TIOJIOKEHUE MEXITY
JIByMsI TeHOTUIIAMU 3TOTO BUaA. [eHOTHIT Oepe3bl
rmoBuciioil 6631 Bo Bcex BapMaHTax ObLI CyIle-
CTBEHHO HMXe, yeM 0046 (Ha 17,7—23,6 %). Ta-
KHUM 00pa3oM, B OTHOILIEHUU BBICOTBI PacTeHUSI
Gepe3bl TTOBUCIION Ka3alnch 00jiee YCTOMIUBhI-
MM K HEIOCTaTKy BOJbI, YeM pacTeHUsl Oepes3bl
MyIIXCTOM. B TO e BpeMs B yCIOBUSX HEI0OCTAT-
Ka a30Ta IpHU JTOCTATOYHOM IIOJIMBE BbIcOTa Oe-
pe3bl MyLIMCTOR yMeHbInuaack Ha 21,6—25,7 %,
a'y 6epesbl moBucioi — Ha 28,1—31,2 %, To ecThb
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OHM OKa3aJquch 0oJiee YYBCTBUTEIbHBIMU K He-
JIOCTaTKy a3oTa.

Paznuuus B auamerpe ocHOBaHUSI CTBOJIU-
Ka MeXIly TeHOTUIIaMU ObUTU BbIpaXKeHbl MEHb-
IlIe U B YCJIOBUSIX CUJIBHOM 3aCyXy OHU BOOOIIIE
otcyTrcTBoBain. CTBOJMKU pacTeHUil Oepesbl
MOBUCJION BCeraa ObLIM TOHbIIIE, YeM Oepe3bl ITy-
IIKCTOM, a TeHOTUIT 6040 CYyILIeCTBEHHO IIPEBOC-
xoam1 0031 TOIBKO B yCJIOBUSIX YMEPEHHOM 3aCy-
XU 1 00ecTieueHHOCTH a30ToM. Bee Tpu reHoTuIa
Oepesbl MYIIMCTON CYIIECTBEHHO HE OTJIMYAIUCh
MEXy COOOI, XOTSI CTBOJIMKU TPAHCTEHHOM JIN-
Humn F14GS8b OblIM HECKOJIBKO TOJIIIE MCXOM-
Horo reHotuna 6n3¢1. KoauyecTBo 1McTheB Ha
CTBOJIE PA3JIMYHBIX TEHOTUIIOB KOPPEIUPOBAJIO C
BBICOTOM pAaCTEHMM, 32 UCKIIIOUEHUEM TOTO, YTO
CyILIECTBEHHOE MPEeBbIILIEHUE TeHOTUIa 0040 Ha
0031 HabI0AAI0Ch TOJBKO B YCJIOBUSX Ae(DULIM-
Ta a3oTa.

KonnuectBo cusuientuyeckux MnoderoB He
pa3nyagoch MeXAy TeHOTMIIaMU B YCIOBHUSIX
OINTUMAJIbHON 00ECIIeYEeHHOCTU pecypcamMu U
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CWIbHOM 3acyxu. B yciioBusix nedunura azora
0O0JIbllIe BCEro TaKMUX MOOETOB ObLIO Y TPAHCIEH-
Hoit muaumn F14GS8b (11,3 u 10,3), a MeHble
BCEro — y TeHoTuIa Oepe3bl MmoBucioi 0031
(5,0 u 5,8). Cnenyet OTMETUTb, UTO Y TEHOTHUIIOB
F14GS8b, 6m3¢1 u 6046 B yciaoBusx obecrie-
YEeHHOCTH a30TOM OKOJI0 29—33 % masyIHbIX
MOYEeK Pa3BMBAJIOCh B CUJUIENITUUECKUX MMOOETH,
TOIJa KakK B YCIOBUSIX Ae(UILIMTa a30Ta — TOJIbKO
0Ko0J10 25 %. Y reHoTuIa 6114a 10Jis TAKUX MoYeK
Obli1a cxOoXeil Bo Bcex BapuaHTax (29—34 %), ay
reHotuna 60631 — 3aMeTHO HIZKE, YeM Y IPYTUX
reHOTUIOB (B cpenHeM 25 %).

Panee 0 reHOTUNMYECKMX OCOOEHHOCTSIX
B peaklMy APEeBECHBIX PACTeHWiIl Ha BOMHBIN
neunur coobmanu Jafarnia et al. [7]. OHm
Mokasajiu, 4to cesHubl Quercus brantii n3 pas-
JIMYHBIX pernoHOB MpaHa mo-pa3sHoMy pearu-
poBaiu Ha yMmepeHHY10 (50 % T1I1B) u cuibHyI0
(20 % TII1B) 3acyxy. ¥ ogHOTo reHOTHUIIa BBICOTA
U IMaMeTp CYIIECTBEHHO CHU3MJIMCH TOJIBKO IIPU
CUJIBHOM 3acyxe, TOT[a Kak y Jpyroro — BbICOTa
CYILIECTBEHHO YMEHbIIalIach Mpu J000i1 3acyxe,
HO IMaMeTp Mpu 3TOM He u3MeHsuicst. C apyroi
CTOPOHBI, BOJIHBIN CTpPEecC OCIaOMJI POCT JBYX
TeHOTUIIOB TMOpuaHOoro Tomoist (P. deltoides x
P. nigra) ¢ pa3Hoil 9YyBCTBUTEJIBHOCTHIO K 3aCyXe
B CXOXel creneHu [3].

TpaHcreHHbI TeHOTUN Oepe3bl MyLIUCTOMN
F14GS8b BOo Bcex BapmaHTaX OBIJT BBIIIE MC-
XOJIHOTO reHoTuna 6m3g1. DTo paznuune ObLIO
MaKCUMaJbHbIM B YCJIOBMSIX AedUIIMTa a3oTa
(Ha 12,7—13,7 %). JanHoe ucclefoBaHUE MOMI-
TBEPKIAET PEe3yJIbTAaThl MPEAbIAYIIETO IKCIIePU -
MEHTa, Ille TPAHCTEHHbBIC TMHUU Oepe3bl C TeHOM
GS1 pocium OBICTpee KOHTPOJBHBIX PacTECHUIA
MMEHHO B ycJioBusX aedunmta azota [9]. IIpe-
umyiectBo TpaHcreHHoi muHuM F14GS8b Han
HETPAHCTEHHBIMM PACTEHUSIMU XOTSI M CHM3U-
JIOCh B KOHTPOJILHOM BapuaHTe (pacTeHMsT ObUIH
Bbillle Ha 7,8 %), HO OBLIO CYIIECTBEHHBIM, a
HE3HAYUTEJbHBIM — TOJIBKO B YCJIOBMSX 3aCy-
XU TIPU JTOCTaTOYHOUN OOECIIEYeHHOCTH a30TOM
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(4,1-5,2 %). Ienetnueckas TpaHchopmains oe-
pe3bl TeHOM TJIYyTAMUHCUHTETA3bl HE ITOBBICHIA
YCTOMUYMBOCTD K 3aCyXe Ha YPOBHE POCTOBBIX I10-
KazaTeJsieil, Tak KakK BbICOTa U AUAMETP CTBOJIM-
Ka TpaHCTEHHBIX PACTEHUI B YCIOBUSIX BOTHOIO
neUInTa CHIDKAINUCh, KaK M Y HETPAaHCTEHHBIX
reHoTurnoB 0epesnl mymucToii. Panee El-Khatib
et al. [5] coobuMaM O TMOBBIIIIEHUN YCTOWYUBO-
¢ty K 3acyxe y P. tremula x P. alba ¢ ananornd-
HBIM T€HOM COCHBI GiS'/, HO Ha ypoBHe (PYHKIIU-
OHMPOBAaHUS (POTOCMHTETUYECKOTO aIlapara, a
He OMoMeTpuYecKux mokasateneit. Kpome toro,
B 9TOM MCCJIEIOBAHUN BOAHBINM CTpecC MPOa0-
JKaJIcs BCero 8 nqHeill.

BoiBoabl

B xone npoBeaeHHOro uccaenoBaHus ObLIN
YCTAaHOBJIEHBI TEHOTHITMYECKHE OCOOCHHOCTH
peakuuii pacTeHUid Oepe3bl Ha Ne(UILIMT BOIBI
U a3oTa. B ycioBusix o0ecredyeHHOCTH a30TOM
cubHas 3acyxa (25—30 % I1I1B) cymecTBeHHO
CHMXaJla BBICOTY BCEX T€HOTUIOB Oepe3bl, HO
ymepenHast (45—50 % I1I1B) — Toibko y pac-
TEHWI Oepe3bl MYIIUCTONW. YMepeHHas 3acyxa
He OKasblBaJla BJIWSIHUSI Ha BBICOTY pacTeHUIA
MpU BbIpalllMBaHUU B YCJIOBUSIX AeUIIMTA a30-
ta. Hemoctatok a3zora okaspiBan 0ojiee CHIIb-
HOe HETaTMBHOE BO3JACHCTBME HA pACTEHMSI,
yeM BOJHBIN cTpecc. BiausHue abMOTUYECKUX
CTPEeCCOB Ha JMaMETp CTBOJIA PAaCTCHUM OBLIO
MeHee BbIPaKeHHBIM, UeM Ha BbICOTY. PacTeHus
Oepe3bl  MOBUCIOW Ka3zalUCh 0OJiee YCTOWYM-
BBIMU K HEIOCTATKy BOIBI, HO 0OoJiee UYBCTBU-
TETbHBIMM K HENOCTATKy a30Ta MO CPaBHEHUIO
¢ Oepesoif mymucToil. TpaHCTeHHbIE PACTEHMUSI
Oepesbl ¢ TeHOM MeTabonm3Ma azota GS7 moka-
3a1 YyCUJIEHWE POCTa OTHOCUTEIBHO MCXOTHO-
ro reHOTUIla, OCOOEHHO B YCJIOBUSIX Ae(ULIUTA
a3oTa, HO UX YCTOMIMBOCTHh K BOTHOMY CTpeccy
He U3MEHWIACh.

Hccnedosanue evinoaneno 3a cuem epawnma
Poccuiickoeo nayunoeo ¢onda No 22-64-00036
(https://rscf.ru/project/22-64-00036/).
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